Introduction {#s0005}
============

The genomic era has witnessed the sequencing of over 1,400 prokaryotic genomes and this enables scientists to analyze the genome to get a clear insight into its functional aspects. Prokaryotic intergenic regions (IGRs) are a natural home to a variety of functional elements, thus the annotation of IGRs is essential for the complete understanding of bacterial physiology. In the past years, bacterial IGRs were routinely analyzed to identify structural non-coding RNAs (tRNA, rRNA and sRNA), which have multiple roles in the survival of the cell [@bib1], [@bib2]. It was identified that IGRs carry important functional units like transposons [@bib3], integrase binding sites [@bib4], transcription factor binding sites, small open reading frames (ORFs), pseudogenes and inverted repeats [@bib5]. Recently, the traces of potential coding genes were also determined in IGRs [@bib6]. Thus, a few qualitative and quantitative studies were performed to identify the dynamics of bacterial IGRs. One such study on the *Escherichia coli* K12-MG1655 genome [@bib7] compared the cumulative length distribution of IGRs between two replicores (left and right) to identify the impact of IGR on the distribution of sRNA-encoding genes. They found that most of the sRNA genes were located in the left core, though the proportions of IGRs were equal on both segments. They also pointed out that a high number of sRNAs were residing within the IGRs of length between 300 to 900 nucleotides. On the other hand, the sum of the total non-coding DNA or IGR content was found to be associated with the increased biological complexities of the organisms [@bib8]. Although a few computational methods were developed to retrieve the genes and their intergenic contexts [@bib9], [@bib10], no specific tool is available for the identification of the distribution pattern and statistical analysis of IGRs at a genome level. Thus, we have developed a web-based tool, named Junker, to identify the length distribution pattern of IGRs in a complete genome. The proposed server can also be used to calculate the cumulative intergenic content of the four equal segments of the genome (quadrants) or left and right replicores [@bib2], [@bib7]. The flanking distance between the neighboring genes provides a measurement of local gene density (LGD) [@bib11], which indicates that the quadrant specific intergenic content has inverse relationship with the LGD and is positively correlated with variable segments of the genome [@bib12], [@bib13]. The proposed web server is freely available at the URL <http://pranag.physics.iisc.ernet.in/junker/>.

Web Server {#s0010}
==========

Implementation and utilities {#s0015}
----------------------------

The proposed web server integrates and reports information about the IGRs present in the bacterial genomes. To create a local intergenic database, all the available bacterial genomes have been downloaded from the NCBI portal (<ftp://ftp.ncbi.nlm.nih.gov/genomes/Bacteria/>). Next, the corresponding IGRs from the bacterial genomes were filtered out by excluding the protein and RNA encoding regions. In view of the above, two options, one is protein annotations and the other is protein and RNA annotations, are implemented in the server. Thus, the web interface enables users to search for the distinct IGRs based on their length and location. By default, Junker searches for IGRs with minimum length of 20 nucleotides, but an option is also provided to increase the minimum length. In addition, the nucleotide sequences extracted from IGRs are subjected to various analyses. For example, the experimentally determined pseudogenes are mapped using the annotated gene information from GenBank file. The presence of functional protein coding regions or ORFs in the IGRs is predicted using the gene prediction tools GeneMark2.5 [@bib14], Glimmer3 [@bib15] and Prodigal2.50 [@bib16]. In addition, the identical, tandem and inverted repeats in the IGR sequences are identified using FAIR [@bib17] and "etandem" and "einverted" programs from EMBOSS suite [@bib18].

All the IGR extractions, file handling modules and search engine were designed and implemented using Perl/CGI scripts. The histograms and circular maps presented were created using GD graph module (v1.43) (<http://search.cpan.org/~mverb/GDGraph-1.43/>). The web server runs under Solaris (v10.0) operating system on a 64 bit Quad-core Intel Xenon 5430 processor of 2.67 GHz with 4 GB of random access memory. The web server is implemented with user-friendly options to give explicit results. Presently, the local genome database of Junker contains 1,023 bacterial genomes.

Features {#s0020}
--------

Users can select their genome of interest from the list provided in the index page of the server. Additional options are provided for the users to change the minimum length of IGRs and their location.

### Selection of IGR of interest {#s0025}

The web server enables users to select a particular region from the whole genome by using physical genome map viewer. In general, the selected region covers the interval of 200,000 base pairs and is used to list the IGRs present in the selected region. The detailed report of IGRs extracted from the selected map position contains their start and end position, adjacent flanking gene IDs with their length information, different types of repeat elements and known pseudogenes present in the IGR sequence ([Figure S1](#ec0005){ref-type="supplementary-material"}). In addition, options are provided for the users to download (in FASTA format) or display the interested IGR sequence.

### IGR statistics module {#s0030}

The IGR statistics module has two major utilities to calculate the length distribution and the four-quadrant plots. The length distribution of the IGRs in different length intervals is represented in an interactive histogram, which also enables users to get the IGR sequences in FASTA format. Similarly, the cumulative lengths of the IGRs within the four quadrants of the genome are displayed using a pie chart known as four-quadrant plots. There are four scale points used in the pie chart to represent the complete genome in four quadrants.

Application {#s0035}
===========

The genome of *Sodalis glossinidius* str. Morsitans (NC_007712) is reported to have the least coding capacity among the prokaryotes [@bib19]. Analysis of the *S. glossinidius* genome using the method indicated by Taft *et al*. [@bib8] shows that the genome has an ncDNA/tgDNA ratio of only 50.91%. This fact was confirmed in our study by comparing the *S. glossinidius* genome with other Gammaproteobacteria genomes ([Figure S2](#ec0005){ref-type="supplementary-material"}). We analyzed the *S. glossinidius* genome sequence using Junker with the default options and found a total of 1,837 IGRs. Moreover, the length and positional distribution of these IGRs were analyzed using IGR statistics module ([Figure S3](#ec0005){ref-type="supplementary-material"}). [Figure S3A](#ec0005){ref-type="supplementary-material"} indicates that the genome contains many IGRs in different lengths with the maximum of 16 Kb. In addition, the four-quadrant plot of the genome indicates that the disordered grouping of IGRs accumulated mostly in the fourth quadrant compared to the others ([Figure S3B](#ec0005){ref-type="supplementary-material"}). Furthermore, similar analysis with other genomes has shown that *Orientia tsutsugamushi* Boryong (NC_009488) [@bib20] and *Thermocrinis albus* DSM14484 (NC_013894) have the highest (51.21%) and the lowest IGR ratio (3.98%), respectively.

The calculated percentages of known CDS (percentage of genome coding for proteins) and IGR (percentage of IGR in the genome) ratios for 1,023 bacterial genomes are available in the form of a table in the web server (<http://pranag.physics.iisc.ernet.in/cgi-bin/junker/table.pl>).

Conclusion {#s0040}
==========

Junker is a web-based tool designed to efficiently access and analyze the IGRs in bacterial genomes. The selected query genome is represented in the form of a physical genome map, which facilitates the users to select a genome region of interest. In addition, the IGR sequences are checked for the presence of known pseudogenes, probable coding regions and other repetitive elements. Moreover, the length distribution of IGRs over the whole genome is shown as histograms and their disordered grouping is plotted onto a four-quadrant pie chart. It is believed that Junker will be helpful for the in-depth analysis of IGRs.
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